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Abstract:

Patients with relapsed/refractory primary mediastinal large B-cell lymphoma (R/R PMBL) have poor
responses to salvage therapy. Nivolumab and brentuximab vedotin (BV) showed promising early
efficacy in patients with R/R PMBL in the phase I/II open-label, multicenter CheckMate 436 study;
we report safety and efficacy findings from the 3-year follow-up. Eligible patients were aged
{greater than or equal to} 15 years with R/R PMBL previously treated with either high-dose
chemotherapy plus autologous hematopoietic cell transplantation (HCT) or {greater than or equal to}
2 prior multi-agent chemotherapies, and had Eastern Cooperative Oncology Group performance status
0-1 and CD30 expression {greater than or equal to} 1%. Patients were treated with nivolumab 240 mg
and BV 1.8 mg/kg once every 3 weeks until disease progression or unacceptable toxicity. Primary
endpoint was objective response rate (ORR); secondary endpoints included complete response rate,
duration of response, progression-free survival (PFS), and overall survival (0S). Safety was
monitored throughout. At final database lock (March 30, 2022), 29 patients had received nivolumab
plus BV; median follow-up was 39.6 months. Investigator-assessed ORR was 73.3%; median (range) time
to response was 1.3 (1.1-4.8) months. Median PFS was 26.0 months; median OS was not reached. PFS
and OS rates (95% CI) at 24 months were 55.5% (32.0%-73.8%) and 75.5% (55.4%-87.5%), respectively.
The most frequently occurring grade 3/4 treatment-related adverse event was neutropenia.
Consolidative HCT was received by 12 patients, with a 100-day complete response rate of 100.0%.
This 3-year follow-up showed long-term efficacy for nivolumab plus BV in R/R PMBL, with no new
safety signals. Clinicaltrials.gov: NCT02581631.
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Abstract

Patients with relapsed/refractory primary mediastinal large B-cell lymphoma (R/R PMBL)
have poor responses to salvage therapy. Nivolumab and brentuximab vedotin (BV) showed
promising early efficacy in patients with R/R PMBL in the phase I/ll open-label, multicenter
CheckMate 436 study; we report safety and efficacy findings from the 3-year follow-up.
Eligible patients were aged = 15 years with R/R PMBL previously treated with either high-
dose chemotherapy plus autologous hematopoietic cell transplantation (HCT) or = 2 prior
multi-agent chemotherapies, and had Eastern Cooperative Oncology Group performance
status 0—1 and CD30 expression = 1%. Patients were treated with nivolumab 240 mg and BV
1.8 mg/kg once every 3 weeks until disease progression or unacceptable toxicity. Primary
endpoint was objective response rate (ORR); secondary endpoints included complete
response rate, duration of response, progression-free survival (PFS), and overall survival
(OS). Safety was monitored throughout. At final database lock (March 30, 2022), 29 patients
had received nivolumab plus BV; median follow-up was 39.6 months. Investigator-assessed
ORR was 73.3%; median (range) time to response was 1.3 (1.1-4.8) months. Median PFS
was 26.0 months; median OS was not reached. PFS and OS rates (95% Cl) at 24 months
were 55.5% (32.0%—73.8%) and 75.5% (55.4%—87.5%), respectively. The most frequently
occurring grade 3/4 treatment-related adverse event was neutropenia. Consolidative HCT
was received by 12 patients, with a 100-day complete response rate of 100.0%. This 3-year
follow-up showed long-term efficacy for nivolumab plus BV in R/R PMBL, with no new safety
signals. Clinicaltrials.gov: NCT02581631.

Key points

« Nivo + BV showed durable safety and efficacy as salvage in patients with R/R PMBL
after 3-year follow-up, with no new safety signals

» High 2-year complete response rates (80-100%) after subsequent HCT indicate

potential for nivo + BV as a bridging therapy to transplant
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Introduction

Primary mediastinal large B-cell lymphoma (PMBL) is a mature, aggressive large B-cell
lymphoma of thymic origin. PMBL occurs most frequently in young adults, with a median
patient age of 35 years and a slight female predominance, and constitutes 2%—4% of non-
Hodgkin lymphoma (NHL)."? First-line treatment for PMBL typically consists of
chemoimmunotherapy with rituximab and chemotherapeutic agents.? After first-line
chemoimmunotherapy, the 3-year progression-free survival (PFS) rate is 89.4%,* and 5-year
PFS and event-free survival are generally above 80%.%° In contrast, patients with
relapsed/refractory (R/R) PMBL have poor outcomes; 2-year PFS rate after first disease
progression is reported as 29%.* The objective response rate (ORR) to salvage
chemotherapy was 25% and the 2-year overall survival (OS) rate after diagnosis of R/R
disease was 15%—29%.”® These outcomes highlight a need for new therapeutic strategies
for patients with R/R PMBL.

The checkpoint inhibitor nivolumab is a human immunoglobulin G4 monoclonal antibody that
binds to the programmed death 1 (PD-1) protein receptor and blocks its interaction with
programmed death ligand (PD-L) 1 and PD-L2.%'° Brentuximab vedotin (BV), an anti-CD30
antibody conjugated to monomethyl auristatin E, induces apoptosis of CD30+ tumor cells by
disrupting the microtubule network and inhibiting cell division.""'? Nivolumab in combination
with BV has shown promising efficacy in patients with R/R classical Hodgkin lymphoma
(cHL), a disease that shares clinical and molecular features with PMBL, including
abnormalities in chromosomes 9p and 2p, high mutational density, and expression of
CD30."*"® Phase I/ll trials of nivolumab in combination with BV in R/R cHL have reported
ORRs of 82%-89%,'""® and a recent long-term follow-up of patients with R/R cHL treated
with nivolumab plus BV showed durable efficacy, with an 85% ORR and an estimated 3-year
PFS rate of 77% at a median follow-up of 34.3 months."

In the treatment of R/R PMBL, BV monotherapy has shown an ORR of just 13.3% in a phase
Il study.20 An optimal treatment approach for R/R PMBL is not well established, but therapies
with anti—-PD-1 agents, such as nivolumab with or without BV and pembrolizumab, are
included as treatment options based on their clinical efficacy in this setting.> The phase Ib
KEYNOTE-013 and phase Il KEYNOTE-170 studies showed ORRs of 48% and 45%,
respectively, in adult patients with R/R PMBL treated with pembrolizumab.?' The CheckMate
436 study is an open-label, multicenter, multicohort, phase I/l study of nivolumab in
combination with BV in patients with R/R NHL. Initial results from 11.1 months median follow-
up of the R/R PMBL cohort showed a 73% ORR, and a 37% complete response (CR) rate
per investigator; 6-month PFS and OS rates were 63.5% and 86.3%, respec:tively.22 The
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safety profile was manageable and there were no treatment-related deaths.?? Here, we report

the results from the 3-year follow-up of the PMBL expansion cohort in CheckMate 436.

Methods

The methods for the Checkmate 436 study PMBL cohort were previously reported by Zinzani

22
l.

et al.“ and are briefly described here.

Trial design and ethics

Checkmate 436 (ClinicalTrials.gov identifier: NCT02581631) is an open-label, multicenter,
multicohort, phase /1l study of nivolumab in combination with BV in adult patients with R/R
NHL. The study consists of a phase | dose evaluation and a phase Il efficacy and safety
evaluation in expansion cohorts with R/R NHL subtypes: PMBL, diffuse large B-cell
lymphoma, peripheral T-cell ymphoma, cutaneous T-cell lymphoma, and mediastinal gray

zone lymphoma. Results from the R/R PMBL cohort are reported here.

All patients provided written informed consent. The study protocol was approved by the
Ethical Review Committee of all participating centers and was carried out in accordance with

the principles of the Declaration of Helsinki.

Patients

Eligible patients in the PMBL cohort were aged 15 years or older, had Eastern Cooperative
Oncology Group (ECOG) performance status scores of 0—1, had CD30 expression = 1% in
the tumor or tumor-infiltrating lymphocytes (as measured by local immunohistochemistry),
and had measurable disease per Lugano 2014 classification.?® Patients were required to
have R/R disease after high-dose chemotherapy with autologous hematopoietic cell
transplantation (auto-HCT) or more than two prior multi-agent chemotherapies (for patients

ineligible for auto-HCT).

Treatment

Doses for the phase Il expansion cohorts were determined during the phase | dose-
evaluation assessments.? Patients received nivolumab 240 mg (flat dose) and BV 1.8 mg/kg
once every 3 weeks and were treated until disease progression or unacceptable toxicity.
Treatments were administered intravenously over 30 minutes. Patients received nivolumab
on cycle (C) 1 day (D) 8 and BV on C1D1. In subsequent cycles both treatments were given
on the same day, with BV administered before nivolumab infusion, separated by a 30-minute
rest period. Per protocol, dose modifications per body weight change were allowed for BV,
and reduction to 1.2 mg/kg was permitted for prespecified toxicities. No dose modifications
were permitted for nivolumab, but doses could be delayed for specified treatment-related

adverse events (TRAEs). Follow-up visits were carried out 35 + 7 days after the last dose
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and 80 * 7 days after the first follow-up, with subsequent follow-up for survival every 3

months until death or loss to follow-up.

Endpoints and assessments

The primary efficacy endpoint of the study was ORR assessed by investigator, with overall
response defined as the best overall response (BOR) of confirmed CR, or partial response
(PR) as assessed by Lugano 2014 classification®® between the date of first dose and either
documented progression or subsequent therapy (including auto-HCT or allogeneic HCT).
Secondary endpoints included duration of response (DOR), CR rate, duration of CR, PFS,
and OS. DOR was calculated as time from initial documented CR or PR to the first evidence
of progressive disease, relapse, or death. PFS was defined as the time from the first dose of
study drug until the first evidence of progressive disease, relapse, or death. Patients who
were progression-free and alive or had unknown status were censored at the last tumor
assessment, and patients who received subsequent therapy (including HCT) prior to
documented progression were censored on the last tumor assessment date prior to
subsequent therapy. OS was defined as the time from first dose of study drug until the date
of death for any reason; if the patient was alive or vital status was unknown, patients were

censored at the last date they were known to be alive.

CD30 and PD-L1 expression were measured in baseline tumor biopsy samples using
validated immunohistochemistry assays (CD30, Mosaic laboratories; PD-L1, BMS and DAKO
North America). PD-L1 and CD30 expression status was defined as percentage of tumor
cells exhibiting cell surface staining of each biomarker in a minimum of 100 evaluable tumor

cells.

Patients discontinuing treatment for any reason entered the follow-up phase of the study and
were monitored for long-term safety, survival status, disease progression, subsequent
anticancer therapy, and occurrence of other primary malignancies. The first two follow-up
visits were conducted in person and subsequent follow-up visits were conducted in person or
by phone. All participants were followed for survival at least every 3 months until death or

loss to follow-up.

Safety was monitored throughout the study. All AEs were tabulated using the worst grade per
Common Terminology Criteria for Adverse Events v4.03 criteria and Medical Dictionary for
Regulatory Activities preferred term. Safety analyses were performed per cohort and in all

treated patients combined.

Statistical analysis
A sample size of 30 patients with R/R PMBL was chosen based on a two-sided 80%
confidence interval (Cl) for an ORR of 37%—-63% by assuming an observed ORR of 30%.
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ORR and CR were summarized by binomial response rate using the Clopper—Pearson
method. PFS was summarized using the Kaplan—Meier product-limit method. Descriptive
statistics of safety were presented. All statistical analyses were performed using SAS version
9.4.

Data sharing policy
The Bristol Myers Squibb policy on data sharing may be found at
https://www.bms.com/researchers-and-partners/independent-research/data-sharing-request-

process.html.

Results

Baseline demographics and disease characteristics, patient disposition, exposure

A total of 30 patients with R/R PMBL were enrolled and treated. The median (range) patient
age was 36 (19-83) years. Most patients had refractory disease at enrollment, and all had
received prior first-line rituximab-based therapy (Table 1). At the final database lock (March
30, 2022), all 30 patients had ended the treatment period. The most frequent reasons for
treatment discontinuation were maximum clinical benefit (n = 13, 43.3%) and disease
progression (n = 8, 26.7%) (Table S1). Twenty-four (80%) patients with R/R PMBL were
continuing in the study (either for continued treatment or follow-up). Of the patients not
continuing in the study, 4 (13.3%) died, 1 (3.3%) withdrew consent, and 1 (3.3%) was lost to
follow-up. Nivolumab was received by 29 patients; 1 additional patient received BV in C1D1
but discontinued before the first nivolumab dose. The median (range) number of doses
received was 5 (1-35) and 5 (1-20) for nivolumab and BV, respectively, with 22 (75.9%)

patients receiving relative dose intensity between 90% and 110% for nivolumab.

Efficacy

The ORR was 73.3% (95% Cl, 54.1%—-87.7%), with 40.0% and 33.3% of patients achieving
CR and PR, respectively (Table 2). The median (range) time to response was 1.3 (1.1—4.8)
months, with 3.2 (1.2—-11.0) months to CR. At a median follow-up of 39.6 months, the median
DOR was not reached. Four patients remained progression-free without subsequent HCT
(Figure 1). Median PFS was 26.0 months (95% CI, 2.6 to not reached); PFS rates at 6, 12,
18, and 24 months were 63.5% (95% Cl, 42.5%—-78.6%), 55.5% (95% Cl, 32.0%-73.8%),
55.5% (95% ClI, 32.0%—73.8%), and 55.5% (95% ClI, 32.0%—73.8%), respectively (Figure 2).
Median OS was not reached; OS rates at 6, 12, 18, and 24 months were 86.3% (95% ClI,
67.5%—-94.6%), 79.1% (95% Cl, 59.3%—90.0%), 75.5% (95% CI, 55.4%—87.5%), and 75.5%
(95% ClI, 55.4%—-87.5%), respectively (Figure 3).
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Evaluation of response status per investigator versus CD30 expression in baseline tumor
biopsies showed that patients across the entire range of CD30 expression were able to
achieve CR or PR (Figure S1). All treated patients had = 5% PD-L1 positive cells at
baseline, however a PD-L1 expression subgroup deriving a higher or lower response benefit
could not be identified (Figure S2).

Subsequent therapy and consolidative HCT

A total of 18 (60%) patients received subsequent anticancer therapy, including 7 patients
(23%) who received non-palliative radiotherapy and 6 (20%) who received systemic therapy.
Among these patients, 13 received subsequent anticancer therapy without a prior reported
progression event. Consolidative HCT was received by 12 (40%) patients: 6 (20%) receiving
auto-HCT and 6 (20%) receiving allogeneic HCT (Table S2). Patients received 3—20 cycles
of nivolumab plus BV prior to auto-HCT and 5-14 cycles of nivolumab plus BV prior to
allogeneic HCT. Of the patients receiving auto-HCT or allogeneic HCT, 3/6 (50%) patients
achieved CR at the time of transplantation in each group; patients not achieving CR had a
BOR of PR. After 100 days, 6/6 (100%) and 5/5 (100%) patients assessed in the auto-HCT
and allogeneic HCT groups, respectively, had CR. Two patients continued to investigational

trials for chimeric antigen receptor (CAR) T cell therapy.

Safety

A total of 25 (83.3%) patients experienced at least one TRAE, with 16 (53.3%) patients
experiencing a grade 3/4 TRAE (Table 3). The most frequently occurring any-grade TRAEs
were neutropenia (43.3%), pyrexia (30.0%), and arthralgia (20.0%). Neutropenia was also
the most frequently occurring grade 3/4 TRAE (40.0%). There were no grade 5 TRAEs
related to the study drug. The most common immune-mediated AEs were diarrhea/colitis and
rash (Table S3).

Nine patients discontinued study treatment due to AEs; among these patients, 4 initially
discontinued BV and remained on nivolumab, 4 discontinued both study drugs
simultaneously, and one died. Six patients discontinued study treatment due to treatment-
related AEs, most commonly peripheral neuropathy (Table S4). There were 8 deaths
reported, 2 of which occurred within 30 days of the last dose. The primary cause of death
was disease progression (n = 5); other causes included sepsis (n = 1), cardiovascular
disease (n = 1), and neurologic complications after allogeneic HCT (n = 1). No deaths were

considered related to the study drug by the investigator.
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Discussion

This 3-year follow-up of the CheckMate 436 study of nivolumab plus BV for the treatment of
R/R PMBL represents one of the studies using checkpoint inhibitors that have the longest
follow-ups in this setting, and shows one of the highest ORRs for this treatment setting.?"**
Efficacy results with nivolumab plus BV were consistent with previous reports from
CheckMate 436, with a 73.3% ORR and a 40.0% CR rate. The 2-year OS rate of 75.5%
indicates durable efficacy of nivolumab plus BV as salvage therapy in R/R PMBL. Safety
data were also consistent with previous reports of CheckMate 436,% with neutropenia,
thrombocytopenia, and peripheral neuropathy among the most frequently occurring grade 3/4
TRAEs. This 3-year follow-up showed an increase in overall incidence of neutropenia
compared with the previous report (any grade: 43% vs 30%; grade 3/4: 40% vs 30%).% The
reason for this increased incidence is unclear, and the association of neutropenic events with
extended exposure to nivolumab has not been examined in NHL. Neutropenia has been

observed after anti-PD-1 monotherapy in patients with R/R PMBL.%

Patients with R/R PMBL treated with nivolumab plus BV in this study achieved a 2-year PFS
rate of 55.5%, which represents approximately twice the PFS rates previously reported for
this population,* and ORR and OS rates are more than doubled compared with prior reports
of salvage chemotherapy in this population.”® Patients with R/R PMBL in the CheckMate 436
study were also able to achieve CR or PR across a range of CD30 expression levels.

These results also align with previous studies showing long-term efficacy of nivolumab plus
BV in patients with R/R cHL, which reported a 3-year ORR of 85% and an OS rate of 93%."°
The ORR for nivolumab plus BV in this study was also higher than the 13.3% ORR for BV
monotherapy in R/R PMBL? and the 48% and 45% ORRs for anti—-PD-1 monotherapy
reported in the KEYNOTE-013 and KEYNOTE-170 trials, although direct comparisons

between these studies should be approached with caution due to differences in design.21

The distinct anti-tumor mechanisms of action of BV and anti—PD-1 agents provide strong
rationale for combining these therapies.?® BV complements the checkpoint inhibition of anti—
PD-1 agents not only by disrupting the microtubule network of tumor cells and triggering
apoptosis,'? but also through activation of innate and adaptive immune cells. In mouse
models, proinflammatory anti-tumor immune responses resulting from BV treatment are
potentiated by combination anti-PD-1 therapy.?®?” Recent studies have also indicated clinical
synergy between nivolumab and BV in R/R cHL. In the CheckMate 205 study, nivolumab
showed efficacy in patients with R/R cHL who had been previously treated with BV, and a
retrospective analysis of patients with R/R cHL treated with nivolumab plus BV indicated

promising efficacy.?® R/R PMBL shares clinical and molecular features with R/R cHL,
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including high mutational density and expression of CD30,"*'*?° and data reported here for

CheckMate 436 possibly indicate a similar synergy in patients with R/R PMBL.

Preliminary data showed that 4 patients in this study had a durable PFS without consolidative
HCT; however, 60% of all patients in the study received subsequent anticancer therapy, and
40% received either allogeneic or auto-HCT. Further analysis is warranted to explore survival
outcomes in patients treated with nivolumab plus BV with versus without consolidation

therapy.

In patients with R/R PMBL, response to salvage therapy is a prognostic factor for the
success of subsequent HCT, but patients treated with ifosfamide, carboplatin, and etoposide
(ICE) or rituximab plus ICE as salvage therapy before auto-HCT previously showed an
estimated 3-year OS rate of just 65%.% In the CheckMate 436 study, the ORR was 73.3%,
with a 24-month OS rate of 55.5%. Of the patients treated with nivolumab plus BV in the
PMBL cohort who underwent HCT, CR rates were high, with a 100% CR rate after 100 days
and 2-year CR rates of 100% and 80% for auto- and allogeneic HCT, respectively. Results
from the CheckMate 436 study indicate that nivolumab plus BV can potentially be a bridging
therapy prior to auto- and allogeneic HCT for patients with R/R PMBL. In addition, CAR T cell

3% and a

therapy is emerging as an effective treatment option for R/R lymphomas,
preliminary study has shown the safety and efficacy of CD30-directed CAR T cell therapy in
cHL.*® Recent studies have shown a potential positive impact for radiotherapy compared with
systemic therapy as bridging treatment between leukapheresis and CAR-T cell infusion for
large B-cell lymphoma,®® while patients receiving high intensity chemotherapy as bridging
therapy showed lower overall survival and increased rates of infection.*” To our knowledge,
no studies have assessed chemoimmunotherapy with checkpoint inhibitor plus BV as
bridging therapy to CAR-T cell therapy. Based on the preliminary success of consolidative
HCT in patients treated with nivolumab plus BV, this combination regimen could be

considered as a bridging therapy for CAR T cell therapy in future studies in R/R lymphoma.

This study has a few limitations. The sample size was small (N = 30) and there is no
comparator arm; this limits the interpretability of results and possibility of sub-group analyses
and comparison with a control population. The study design evaluated only the efficacy and
safety of nivolumab plus BV before consolidation; survival outcomes post-consolidation were
not examined. There was also no central pathology review for efficacy assessment. Both
median DOR and median OS were not reached in this extended follow-up, indicating that

further long-term studies would provide more insight into survival outcomes.

Overall, this 3-year follow-up of the CheckMate 436 study shows durable safety and efficacy
for nivolumab plus BV in patients with R/R PMBL and identifies no new safety signals. These
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results support nivolumab plus BV as a salvage therapy option in PMBL, and this regimen
could be considered as a bridging therapy for stem cell transplantation and CAR T cell

therapy.

Acknowledgments

The authors thank the patients and their families for making this study possible, and all co-

investigators and clinical study teams who participated in the trial.

Direct funding was provided by Bristol Myers Squibb through the joint financial support of
Bristol Myers Squibb and Seagen.

Professional medical writing and editorial support were provided by Katie Walwyn-Brown,
PhD, of Caudex, funded by Bristol Myers Squibb.

Authorship

Contributions

Conception and design: A.S. Provision of study materials or patients: J.K. Collection and
assembly of data: A.A. Data analysis and interpretation: A.S., J.K., N.M-S., A.A. Manuscript
writing: P.L.Z., A.S., G.G,, P.B.,,P.MB., JK,,D.C, JK,NAJ,NM-S., JL,RW, 6 AA,
A.J.M. Final approval of manuscript: P.L.Z., A.S., G.G., P.B., P.M.B,, JK., D.C., JK,, N.A.J,,
N.M-S., J.L,, RW,, A A, A.J.M. Accountable for all aspects of the work: P.L.Z., A.S., G.G,,
P.B.,P.MB., JK,D.C, JK,NAJ,NM-S. JL,RW., AA., AJM.

Conflicts of interest
P.L.Z reports honoraria from AstraZeneca, Bristol Myers Squibb, Gilead, Incyte, Kyowa Kirin,

Merck, Novartis, Rocke, Takeda, and Sanofi.

A.S. reports honoraria from Abbvie, Amgen, AstraZeneca, Bayer, Bristol Myers Squibb,
Celgene, Eisai, Gilead, Lilly, Merck Sharp and Dohme, Novartis, Pfizer, Roche, Sandoz,
Servier, and Takeda; advisory boards for Bayer, Bristol Myers Squibb, Eisai, Gilead, Merck

Sharp and Dohme, and Pfizer, Servier; and consultancy for Incyte and Sanofi.

G.G. reports honoraria from Beigene, Clinigen, Ideogen, Incyte, Roche, and Takeda;
advisory boards for Genmab, ldeogen, IQVIA, ltalfarmaco, Kite—Gilead, Roche, and Takeda;

consultancy for Takeda; and meeting/travel support from Roche and Sandoz.

P.B. reports honoraria from Takeda.

11/20

€20z AInf $0 uo olojueS OpuBWLY A Jpd"4SZ010EZ0Z SIOUBADEDOO|G/9966502/7SZ0 L 0EZ0Z SEOUBADEPOO]G/Z81 |0 L/10p/4Pd-8[olliE/S80uBADPEPOO|q/BI0"suonESlIgndysE;/:dlly WOy papeojumod



358
359
360

361
362
363
364
365
366

367
368

369
370

371
372
373

374
375
376
377
378
379

380

381

382

383
384
385
386
387
388
389

390
391

P.M.B. reports advisory boards for TG Therapeutics and consultancy for Abbvie,
AstraZeneca, Beigene, Bristol Myers Squibb, Genentech, Gilead, Janssen, Merck, and TG

Therapeutics.

J. Kuruvilla reports honoraria from Abbvie, Amgen, AstraZeneca, Bristol Myers Squibb,
Gilead, Incyte, Janssen, Karyopharm, Merck, Novartis, Pfizer, Roche, and Seattle Genetics;
advisory boards for Karyopharm; consultancy for Abbvie, Antengene, Bristol Myers Squibb,
Gilead, Karyopharm, Medison Ventures, Merck, Roche, and Seattle Genetics; research
support (institution) from AstraZeneca and Merck; and advisory board chair for Lymphoma

Canada.

D.C. reports advisory boards for OVIBIO and research support (institution) from 4SC, Bayer,
Celgene, Clovis, Eli Lilly, Leap, Medlmmune, and Roche.

J. Kline reports honoraria from Kite—Gilead; consultancy for Merck, Morphosys, Seagen, and

Secura Bio; and research support (institution) from Secura Bio.

N.A.J. reports honoraria from Abbvie and Beigene; consultancy for Abbvie, AstaZeneca,
Beigene, Merck, Roche, and Seattle Genetics; research support from Incyte; and board

membership for Lymphoma Canada.

N.M-S. reports consultancy for AstraZeneca, C4 Therapeutics, Daiichi Sankyo,
Genentech/Roche, Karyopharm, Kyowa Kirin, Ono Pharmaceuticals, and Secura
Bio/Verastem; and research support (institution) from AstraZeneca, Bristol Myers Squibb,
Celgene, C4 Therapeutics, Corvus Pharmaceuticals, Daiichi Sankyo, Dizal Pharmaceuticals,
Genetech/Roche, Innate Pharmaceuticals, Secura Bio/Verastem, and Yingli

Pharmaceuticals.

J.L. is an employee and has stock in Seagen.
R.W. is a Bristol Myers Squibb employee.
A.A. is a Bristol Myers Squibb employee.

A.J.M. reports honoraria from Affined, Imbrium Therapeutics, Janpix, Merck, miRagen,
Seattle Genetics, and Takeda; consultancy for Affimed, Imbrium Therapeutics, Janpix,
Merck, Seattle Genetics, and Takeda; research support (institution) from ADC Therapeutics,
Beigene, Bristol Myers Squibb, Incyte, Leukemia Lymphoma Society, Merck, Miragen,
NIH/NCI Cancer Center, Seattle Genetics, and Secura Bio; expert testimony for New
England Cancer Specialists, review editor for Hematologic Malignancies, SAB member for

Lymphoma Hub, and Scientific Review Committee member for Gilead Science.

Correspondence

Pier Luigi Zinzani

12/20

€20z AInf $0 uo olojueS OpuBWLY A Jpd"4SZ010EZ0Z SIOUBADEDOO|G/9966502/7SZ0 L 0EZ0Z SEOUBADEPOO]G/Z81 |0 L/10p/4Pd-8[olliE/S80uBADPEPOO|q/BI0"suonESlIgndysE;/:dlly WOy papeojumod



392

393
394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

IRCCS Azienda Ospedaliero-Universitaria di Bologna, Istituto di Ematologia “Seragnoli”

Dipartimento di Medicina Specialistica, Diagnostica e Sperimentale, Universita di Bologna,

Via Massarenti 9-40138, Bologna, Italy
Email: pierluigi.zinzani@unibo.it

Telephone: +39 0512144042

References

1. Liu PP, Wang KF, Xia Y, et al. Racial patterns of patients with primary
mediastinal large B-cell ymphoma: SEER analysis. Medicine (Baltimore).
2016;95(27):e4054.

2. National Cancer Institute Surveillance, Epidemiology, and End Results Program.
Primary mediastinal (thymic) large B-cell lymphoma; 2019.

3. Referenced with permission from the NCCN Clinical Practice Guidelines in
Oncology (NCCN Guidelines®) for B-Cell Lymphomas Version 2.2023. © National
Comprehensive Cancer Network, Inc. 2023. All rights reserved. Accessed January
26, 2023. To view the most recent and complete version of the guideline, go online to
NCCN.org. NCCN makes no warranties of any kind whatsoever regarding their
content, use or application and disclaims any responsibility for their application or use
in any way.

4. CamusV, Rossi C, Sesques P, et al. Outcomes after first-line
immunochemotherapy for primary mediastinal B-cell lymphoma: a LYSA study. Blood
Adv. 2021;5(19):3862-3872.

5. Gleeson M, Hawkes EA, Cunningham D, et al. R-CHOP in primary mediastinal B-
Cell lymphoma (PMBL): results from the UK NCRI R-CHOP 14 v 21 trial. Blood.
2015;126(23):2689.

6. Dunleavy K, Pittaluga S, Maeda LS, et al. Dose-adjusted EPOCH-rituximab
therapy in primary mediastinal B-cell lymphoma. N Engl J Med. 2013;368(15):1408-
1416.

7. Kuruvilla J, Pintilie M, Tsang R, Nagy T, Keating A, Crump M. Salvage
chemotherapy and autologous stem cell transplantation are inferior for relapsed or
refractory primary mediastinal large B-cell ymphoma compared with diffuse large B-
cell ymphoma. Leuk Lymphoma. 2008;49(7):1329-1336.

13/20

€20z AInf $0 uo olojueS OpuBWLY A Jpd"4SZ010EZ0Z SIOUBADEDOO|G/9966502/7SZ0 L 0EZ0Z SEOUBADEPOO]G/Z81 |0 L/10p/4Pd-8[olliE/S80uBADPEPOO|q/BI0"suonESlIgndysE;/:dlly WOy papeojumod



424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

8. Romejko-Jarosinska J, Dabrowska-lwanicka AP, Paszkiewicz-Kozik E,
Wojciechowska-Lampka E, Walewski JA. Relapsed or refractory primary mediastinal
B-cell ymphoma: Evaluation of outcome of a minority from 125 patients treated at a
single institution. J Clin Oncol. 2014;32(15_suppl):e19549.

9. Bristol Myers Squibb. Opdivo® (nivolumab) prescribing information.

http://packageinserts.bms.com/pi/pi_opdivo.pdf. Accessed 14 February 2023.

10. Armand P, Engert A, Younes A, et al. Nivolumab for relapsed/refractory classic
Hodgkin lymphoma after failure of autologous hematopoietic cell transplantation:
extended follow-up of the multicohort single-arm phase Il CheckMate 205 trial. J Clin
Oncol. 2018;36(14):1428-1439.

11. Scott LJ. Brentuximab Vedotin: a review in CD30-positive Hodgkin lymphoma.
Drugs. 2017;77(4):435-445.

12. Seattle Genetics. Adcetris® (brentuximab vedotin) prescribing information.
November 2022; 2022.

13. Dunleavy K, Wilson WH. Primary mediastinal B-cell ymphoma and mediastinal
gray zone lymphoma: do they require a unique therapeutic approach? Blood.
2015;125(1):33-39.

14. Rosenwald A, Wright G, Leroy K, et al. Molecular diagnosis of primary
mediastinal B cell ymphoma identifies a clinically favorable subgroup of diffuse large
B cell ymphoma related to Hodgkin lymphoma. J Exp Med. 2003;198(6):851-862.
15. Chapuy B, Stewart C, Dunford AJ, et al. Genomic analyses of PMBL reveal new
drivers and mechanisms of sensitivity to PD-1 blockade. Blood. 2019;134(26):2369-
2382.

16. Mottok A, Hung SS, Chavez EA, et al. Integrative genomic analysis identifies key
pathogenic mechanisms in primary mediastinal large B-cell lymphoma. Blood.
2019;134(10):802-813.

17. Herrera AF, Moskowitz AJ, Bartlett NL, et al. Interim results of brentuximab
vedotin in combination with nivolumab in patients with relapsed or refractory Hodgkin
lymphoma. Blood. 2018;131(11):1183-1194.

18. Diefenbach CS, Hong F, Ambinder RF, et al. Ipilimumab, nivolumab, and
brentuximab vedotin combination therapies in patients with relapsed or refractory
Hodgkin lymphoma: phase 1 results of an open-label, multicentre, phase 1/2 trial.
Lancet Haematol. 2020;7(9):e660-e670.

14/20

€20z AInf $0 uo olojueS OpuBWLY A Jpd"4SZ010EZ0Z SIOUBADEDOO|G/9966502/7SZ0 L 0EZ0Z SEOUBADEPOO]G/Z81 |0 L/10p/4Pd-8[olliE/S80uBADPEPOO|q/BI0"suonESlIgndysE;/:dlly WOy papeojumod



457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

19. Advani R, Moskowitz AJ, Bartlett NL, et al. Brentuximab vedotin in combination
with nivolumab in relapsed or refractory Hodgkin lymphoma: 3-year study results.
Blood. 2021;138:427-438.

20. Zinzani PL, Pellegrini C, Chiappella A, et al. Brentuximab vedotin in relapsed
primary mediastinal large B-cell lymphoma: results from a phase 2 clinical trial.
Blood. 2017;129(16):2328-2330.

21. Armand P, Rodig S, Melnichenko V, et al. Pembrolizumab in relapsed or
refractory primary mediastinal large B-cell lymphoma. J Clin Oncol.
2019;37(34):3291-3299.

22. Zinzani PL, Santoro A, Gritti G, et al. Nivolumab combined with brentuximab
vedotin for relapsed/refractory primary mediastinal large B-cell lymphoma: efficacy
and safety from the phase Il CheckMate 436 study. J Clin Oncol. 2019;37(33):3081-
3089.

23. Cheson BD, Fisher RI, Barrington SF, et al. Recommendations for initial
evaluation, staging, and response assessment of Hodgkin and non-Hodgkin
lymphoma: the Lugano classification. J Clin Oncol. 2014;32(27):3059-3068.

24. Armand P, Rodig S, Melnichenko V, et al. Pembrolizumab in patients with
relapsed or refractory primary mediastinal large B-cell lymphoma (PMBCL): data from
the Keynote-013 and Keynote-170 Studies. Blood. 2018 (suppl; abstr 626);132(Suppl
1):228

25. Prince HM, Hutchings M, Domingo-Domenech E, Eichenauer DA, Advani R. Anti-
CD30 antibody-drug conjugate therapy in lymphoma: current knowledge, remaining
controversies, and future perspectives. Ann Hematol. 2023;102(1):13-29.

26. Muller P, Martin K, Theurich S, et al. Microtubule-depolymerizing agents used in
antibody-drug conjugates induce antitumor immunity by stimulation of dendritic cells.
Cancer Immunol Res. 2014;2(8):741-755.

27. Cao AT, Law C-L, Gardai SJ, Heiser RA. Brentuximab vedotin-driven
immunogenic cell death enhances antitumor immune responses, and is potentiated
by PD1 inhibition in vivo. AACR. Vol. 77. Presented at: the AACR Annual Meeting.
Washington, DC, USA; April 1-5, 2017; 2017:Abstract 5588.

28. Fedorova LV, Lepik KV, Volkov NP, et al. Efficacy and safety of nivolumab
combined with brentuximab vedotin after nivolumab monotherapy failure in patients
with relapsed and refractory classic Hodgkin lymphoma. Int J Clin Oncol.
2022;27(3):626-632.

15/20

€20z AInf $0 uo olojueS OpuBWLY A Jpd"4SZ010EZ0Z SIOUBADEDOO|G/9966502/7SZ0 L 0EZ0Z SEOUBADEPOO]G/Z81 |0 L/10p/4Pd-8[olliE/S80uBADPEPOO|q/BI0"suonESlIgndysE;/:dlly WOy papeojumod



491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522
523

29. Higgins JP, Warnke RA. CD30 expression is common in mediastinal large B-cell
lymphoma. Am J Clin Pathol. 1999;112(2):241-247.

30. Vardhana S, Hamlin PA, Yang J, et al. Outcomes of relapsed and refractory
primary mediastinal (Thymic) large B cell lymphoma treated with second-line therapy
and intent to transplant. Biol Blood Marrow Transplant. 2018;24(10):2133-2138.

31. Locke FL, Miklos DB, Jacobson CA, et al. Axicabtagene Ciloleucel as second-
line therapy for large B-cell ymphoma. N Engl J Med. 2022;386(7):640-654.

32. Wang M, Munoz J, Goy A, et al. KTE-X19 CAR T-cell therapy in relapsed or
refractory mantle-cell lymphoma. N Engl J Med. 2020;382(14):1331-1342.

33. Schuster SJ, Bishop MR, Tam CS, et al. Tisagenlecleucel in adult relapsed or
refractory diffuse large B-cell ymphoma. N Engl J Med. 2019;380(1):45-56.

34. Abramson J, Solomon SR, Arnason JE, et al. Lisocabtagene Maraleucel (liso-cel)
versus standard of care (SOC) with salvage chemotherapy followed by autologous
stem cell transplantation (ASCT) as second-line (2L) treatment in patients with
relapsed or refractory large B-cell ymphoma (LBCL): primary analysis of the
randomized, phase 3 transform study. Blood. 2022 (suppl; abstr
705);140(Supplement 1).

35. Ramos CA, Grover NS, Beaven AW, et al. Anti-CD30 CAR-T cell therapy in
relapsed and refractory Hodgkin lymphoma. J Clin Oncol. 2020;38(32):3794-3804.
36. Pinnix CC, Gunther JR, Dabaja BS, et al. Bridging therapy prior to axicabtagene
ciloleucel for relapsed/refractory large B-cell lymphoma. Blood Adv. 2020;4(13):2871-
2883.

37. Shahid S, Ramaswamy K, Flynn J, et al. Impact of Bridging Chemotherapy on
Clinical Outcomes of CD19-Specific CAR T Cell Therapy in Children/Young Adults
with Relapsed/Refractory B Cell Acute Lymphoblastic Leukemia. Transplant Cell
Ther. 2022;28(2):72 e71-72 e78.

38. Zinzani PL, Santoro A, Gritti G, et al. Nivolumab plus brentuximab vedotin for
relapsed/refractory primary mediastinal large B-cell ymphoma: extended follow-up
from the phase 2 checkmate study. Hematol Oncol. 2021 (suppl; abstract 051);39(S2

)

16/20

€20z AInf $0 uo olojueS OpuBWLY A Jpd"4SZ010EZ0Z SIOUBADEDOO|G/9966502/7SZ0 L 0EZ0Z SEOUBADEPOO]G/Z81 |0 L/10p/4Pd-8[olliE/S80uBADPEPOO|q/BI0"suonESlIgndysE;/:dlly WOy papeojumod



524 Tables

525

526  Table 1. Baseline demographics and disease characteristics

Characteristic Patients (N = 30)
Age, median (range), years 36 (19-83)
Female, n (%) 17 (56.7)
Disease stage at initial diagnosis,*"n (%)

[ 16 (53.3)

-1V 13 (43.3)
Disease status at enrollment,” n (%)

Relapsed 7 (23.3)

Refractory 18 (60.0)

Relapsed and refractory* 5(16.7)
Prior lines of systemic therapy, median (range)"$ 2 (2-5)
First-line therapy,’ n (%)

R-CHOP 8 (26.7)

R-EPOCH 9 (30.0)

Other' 13 (43.3)
Prior rituximab, n (%) 30 (100.0)
Prior auto-HCT," n (%) 4 (13.3)

527  HCT, hematopoietic cell transplantation; R-CHOP, rituximab, cyclophosphamide,

528  doxorubicin, vincristine, prednisone; R-EPOCH, rituximab, etoposide, prednisone, vincristine,
529  cyclophosphamide, doxorubicin.

530 *Disease stage at initial diagnosis not reported for one patient.

531 'Data from December 2020 database lock, presented at ICML 2021 38

532  *Defined as patients who relapsed after at least one prior line of therapy and had no

533  response to the most recent prior therapy.

534  SThese data are from January 2019 database lock.

535  'Other anthracycline-containing therapies.

536

537
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Table 2. Best overall response per investigator

Best overall response* Patients (N = 30)
Objective response rate’ 22 (73.3)
80% Cl, % 60.3-83.8
95% Cl, % 54.1-87.7
Complete response 12 (40.0)
Partial response 10 (33.3)
Stable disease 3 (10.0)
Relapsed or progressive disease 3(10.0)
Unable to determine (death prior to disease assessment) 2(6.7)

Data reported in n (%) unless otherwise stated.
*Based on Lugano Classification 2014.
TConfidence intervals based on the Clopper—Pearson method.
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Table 3. Any-grade TRAEs reported in 2 10% treated patients and grade 3/4 TRAEs in

all treated patients with R/R PMBL

Any-grade TRAES reported in 2 10% treated patients

and grade 3/4 TRAEs in any patients, n (%) Any grade Grade 3/4
Total 25 (83.3) 16 (53.3)
Neutropenia 14 (43.3) 13 (40.0)
Pyrexia 9 (30.0) 1(3.3)
Arthralgia 6 (20.0) 0
Thrombocytopenia 5(16.7) 3(10.0)
Rash 5(16.7) 1(3.3)
Peripheral sensory neuropathy 5(16.7) 0
Peripheral neuropathy 4 (13.3) 3(10.0)
Hyperthyroidism 4 (13.3) 0
Decreased neutrophil count 2(6.7) 2 (6.7)
Colitis 1(3.3) 1(3.3)
Immune-mediated hepatitis 1(3.3) 1(3.3)
Maculopapular rash 1(3.3) 1(3.3)

PMBL, primary mediastinal B-cell lymphoma; R/R, relapsed/refractory; TRAE, treatment-

related adverse event.
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Figure captions

Figure 1. Event chart for tumor response, tumor progression, duration of therapy,
transplantation, and death for all responders with R/R PMBL, as assessed by
investigator.

Horizontal bar indicates PFS.
CR, complete response; PFS, progression-free survival; PMBL, primary mediastinal B-cell

lymphoma; PR, partial response; R/R, relapsed/refractory

Figure 2. Progression-free survival, per investigator, in all treated patients with R/R
PMBL.

NR, not reached; PMBL, primary mediastinal B-cell ymphoma; R/R, relapsed/refractory.

Figure 3. Overall survival, per investigator, in all treated patients with R/R PBML.

NR, not reached; PMBL, primary mediastinal B-cell ymphoma; R/R, relapsed/refractory.
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